ABSTRACT A novel, low cost, and comprehensive microwave imaging (MWI) system is presented for the detection of unwanted tumorous cells into the human breast. A compact metamaterials (MTM) artificial magnetic conductor (AMC) surface-inspired coplanar waveguide fed (CPW-fed) microstrip antenna is developed for MWI applications. The initial wideband CPW antenna is designed by the modified oval shape patch and half cycle copper stripe line ground. The antenna is incorporated with two layers uniplanar AMC structure which is composed of a 5 × 5 array of square modified split ring resonator unit cells to obtain the desired antenna characteristics for the MWI applications like breast imaging. The metamaterial-based AMC structure improves the gain about 5 dB and produces stronger directive radiation characteristics. The enhancement of CPW performance proofs the effectiveness of the double layer MTM-AMC structure and its suitability for MWI. A microcontroller-based PC controlled alternative mechanical imaging system is designed to collect the scattering signal from the CPW-fed antenna. The changes of reflection and transmission coefficient with the variation of dielectric content into the breast phantom structure are analyzed. The remarkable deviation of scattered field is processed by image processing program using Matlab. By using these AMC inspired CPWfed antenna based microwave imaging, the system can clearly detect the tumor inside the breast phantom.
I. INTRODUCTION
Breast cancer is reported as a major cause of death for women all over the world. More than 1.8 million new breast cancer cases are diagnosed every year worldwide. It is due to the presence of malignant cell inside the breast tissue [1] . The key factor of breast cancer treatment is to reliably diagnose it in the earlier stages. Given early breast cancer detection and treatment, the survival rate can even reach up to 97%, which emphasizes the urgent requirement of a reliable and highly efficient method for early breast cancer detection [2] . Over the last few decades, several non-invasive clinical imaging technologies have been proposed to produce the valuable interior pictures of the human body. X-ray mammography, Computed Tomography (CT), Ultra-Sound (US), Magnetic Resonance Imaging (MRI) are frequently used diagnostic tools for detecting breast cancer [3] , [4] . However, X-ray mammography produces a relatively high number of false negative diagnoses (between 10% and 30%) and false positive diagnoses (more than 5%). Furthermore, this technique employs radiation and requires uncomfortable compression of the breast during the examination; which yields limited success for patients with dense breast tissue.
Additionally, it is proved that the ionization initiated from X-ray mammography [3] has several health hazards, which paradoxically includes the possibility of turning healthy tissue malignant. The US is a common alternative to breast tumor detection, with a higher (About 17%) false negative rate. Additionally, the deep-lying or solid cancerous tissues [6] .
are difficult to detect. The Magnetic Resonance Imaging (MRI) provides high-resolution images. Furthermore, the cost is very high and it is a time-consuming diagnostic process.
In literature [5] , total 258 patients are studied, where 177 with malignant tumors and 177 were with benign tumors. Sensitivity (ratio of detected malignant tumours to the total patient with malignant tumours), specificity (ratio of detected benign tumours to the total patient with benign tumour), positive predictive value (ratio of correctly detected positive malignant tumours to the total positive diagnoses) and accuracy (the ratio of total patient diagnosed benign or malignant tumours to the total patients) are studied to test the present detection techniques. The comparison of the performance of different detection techniques presented in the literature [5] and [6] is presented in Table 1 .
The table shows that the percentage of correct diagnosis techniques suffer from limitation. The highest sensitivity, 94.4% was obtained by combining the mammography, magnetic resonance imaging (MRI) and some clinical approaches. The maximum accuracy obtained 75.6%, which proves that each of every four diagnoses is falsified.
For this, an efficient, low cost, nonionizing, portable and comfortable approach is greatly demanded as a complementary tool to the currently applied technology [7] . Nowadays, microwave imaging (MWI) system becomes hot topics of investigation for both as complementary tools and alternative solution of available techniques. It is to overcome the drawbacks in terms of false indication, low-resolution scan, higher cost and uncomfortable process. Microwave imaging has advantages of high positive rate, low cost, comfortable, high data-rate, lower complexity, portable and very low power density. The basic principle of MWI is to analyze the change of the back-scattered signal with the change of different electrical properties of tissues. The antenna plays an important role in microwave imaging. In MWI, antennas are used as a transceiver to impinge the microwave signals on human tissue [8] . The remarkable variation of the back-scattered signal can exploit the unwanted tumor cells inside the breast which contain higher dielectric constant than normal breast tissues [9] , [10] . From recent studies to use the antenna as a transceiver in MWI should meet the different criteria [11] - [13] like high gain and small in size; Directive radiation of power; Wide range of frequency with higher efficiency; relatively simple in model; Compatible penetration to human tissue; Ability to operate both in low and high frequencies.
Although microstrip antenna is quite simple to design and cost-effective it suffers from a number of limitations including low gain (<5 dBi) and weak in radiation performances. A number of techniques are proposed by several researchers to obtain higher gain, wider bandwidth and directive characteristic of microstrip antennas. Some of these are use of unit-cell antenna [14] , Cross Vivaldi antenna [15] , metamaterials (MTM) antenna [16] , slot loaded antenna [17] , incorporating electromagnetic structures [18] , metallic backed artificial magnetic conductor (AMC) [19] etc. These techniques made the antennas compatible with MWI system.
The introduction of MTM has created a-new-era in microwave imaging (MWI) application due to its great potentials for the implementation of microwave devices. A negative-index MTM is ''an engineered electromagnetic structure with extraordinary properties which are generally not found in nature''. By using these metamaterial features, MWI devices such as antennas are developed which have exterior properties in terms of wavelengths, controlling of wave beams, permittivity, permeability etc. These features made MTM antennas a great interest in medical applications. The study of metamaterial has been expanded by adopting various techniques such as SRRs [20] , [21] , structure based on transmission line [22] , resonators of doublebowknot shape [23] , complementary electric field-coupled resonator [24] . Due to miniaturization, cost-effectiveness and the capabilities of label-free detection, metamaterial based antenna has been focused on the design of MWI system [25] .
Artificial Magnetic Conductor (AMC) is a promising tool to enhance the antenna performance such as gain, directivity, bandwidth and radiation performance. AMC is an artificially engineered periodically loaded structures which are used to stop the propagation of antenna in a specific direction or reducing backward radiation called phase reflection. The Phase reflection causes due to an artificial magnetic conductor which is not readily available in nature. Different forms of AMC structure are found to improve the antenna performance in terms of gain, directivity and radiation efficiency [26] - [28] . Among them, the uniplanar structure is very common because of its simple configuration and suitability of different microwave application. Bandwidth enhancement is reported in [29] and [30] by using CPW-fed dual band antenna and uniplanar AMC combination but expense the space. A triangular shape CPW-fed antenna is combined with an electromagnetic reflector to widened the lower and upper bands [31] . Though radiation efficiency is improved, but gain does not improve remarkably. The bandwidth and gain enhancement of a high-frequency CPW-fed antenna is presented in [32] where an unlicensed band (60 GHz) antenna is proposed using I shaped slot uniplanar-compact (UC) electromagnetic structure. A coplanar waveguide-fed multiband antennas with and without uniplanar copper strip-based electromagnetic band gap (CS-EBG) structure is presented for portable Multiband wireless applications [33] . The antenna, when combined with the CS-EBG structure, still preserved its multiband characteristics although resonance was shifted and produced near directional pattern because of the reflecting property like AMC of the CS-EBG/AMC structure behind it, which was donut and omnidirectional shape in case of the antenna alone. Therefore, the combination of uniplanar AMC structure with wide band microstrip antenna is still an issue of a challenge to achieve higher gain and directivity. A compact periodic AMC surface structure with higher gain and the unidirectional radiation pattern is required for implementation of MWI applications.
This work presents a new, modest, complete and comprehensive microwave imaging system to detect the unwanted tumorous cells into the human breast. Firstly, a CPW-fed microstrip antenna with modified oval shape patch is designed for UWB band. Then, a new two-layer uniplanar AMC structure of 5×5 array MTM unit cell is combined with CPW-fed antenna to achieve desired properties for microwave imaging application, especially for breast imaging. By using the AMC surface structure gain of CPW-fed microstrip antenna is increased about 5 dB and made the antenna more directive with lower interference to adjacent microwave elements. An automated PC controlled microwave imaging system is developed. The AMC inspired CPW-fed antenna is used as a transceiver in breast imaging model. Commercially off-the-shelf breast phantom containing dielectric properties same as real breast tissue with the inclusion of tumor cell is used for experimental validation. The change of backscattered signals with the change of dielectric content inside the structure of breast phantom is analyzed. The remarkable variation of scattered field is an important issue for breast phantom scanners. The variation of scattered field is processed by image processing program using Matlab. By using the modified CPW-fed antenna, the microwave imaging system can localize the tumor or unwanted cell inside the human breast.
II. UNIT CELL AND AMC DESIGN ARCHITECTURE
The proposed AMC inspired CPW-fed antenna design starts with a metamaterials unit cell. The desired goal of the unit cell is to attain resonance within the frequency band 3-10 GHz for microwave imaging. The design view of the proposed planar square unit cell is shown in figure 1(a) . The size of the unit cell is 12×12 mm 2 with comprised of two copper strip rectangular ring patch with different size. The parameters of the unit cell are optimized and adjusted so that AMC structures resonance and a resonance of CPW-fed microstrip antenna be close. Ideally, a period of AMC structure length should smaller than λ/2. For the resonant, at 6.12 GHz the value is 24 mm. By introducing the inner rectangle and optimizing the gap between copper stripes the proposed AMC size is compact within 12 mm. The design parameters of unit cell are given below: W1=L1=12 mm, m=i=9.6 mm, j=8.6 mm, s=p=6.20 mm, h=1.20 mm, g=0.5 mm.
The finite element method based HFSS simulator is used to investigate the design to calculate scattering parameters. The structure is placed inside the two waveguide ports on the positive and negative z-axis. Figure 1(b) shows the simulation setup of unit-cell. The S-parameters of proposed unitcell (reflection coefficient (S 11 ) and transmission coefficient (S 21 )) is depicted in figure (2) . The proposed MTM unit-cell is polarization independent and transparent to a frequency band centered at 5.35 GHz with half power (3-dB) bandwidth of 1.5 GHz. The resonance at 8.25 GHz in the transmission coefficient (S 21 ). The self-resonance, the overlap, and larger overall current responses proof the effectiveness of metamaterials magnetic response. The proposed uniplanar copper strip based artificial magnetic conductor (CS-AMC) structure is designed using an array of identical unit cells. The arrangement is in two different layers using two different substrate materials. The CS-AMC structure is shown in figure 3 . Each structure is composed of a 5×5 array of unit cells with each unit cell size of 12×12mm 2 . The dimension of the inner layer is 66×66 mm 2 using Rogers RO4003C substrate thickness 0.2mm with dielectric constant of 3.55. There is a 1mm gap between each unit cell. The outer layer structure is realized by placing the array on a 76×78 mm 2 FR4 substrate of 1.6 mm thickness with dielectric constant of 4.6. These substrates are commercially available, low cost and easy to fabricate the multilayer PCBs. These two layers are placed as they become offset to each other. This is a new technique to obtain multiple resonant using simple and compact uniplanar structure to comply with the objectives. The tuning of both copper strip rings and the gap between them are used to attain the band gaps around the resonance or unattainable stop band of CPW. The structure act as an artificial magnetic conductor (AMC) characteristic at different frequencies where it shows inherent in-phase reflection properties. The transmission characteristics are verified by placing the AMC structure in between two waveguide ports. The reflection (S 11 ) and transmission (S 21 ) characteristics of proposed AMC structure are shown in figure 4 . The transmission peaks occur at frequency 4.4 and 9.3 GHz. The half power (3-dB) bandwidth of array is same as a unit cell and transparent to a frequency band centered at 5. 35 GHz. There has an extra resonance in the array structure after 9 GHz which is out of considering CPW band. In a 5×5 array, the frequency is shifted downward.
III. CPW ANTENNA WITH AMC STRUCTURE: DESIGN APPROACH
At first, an antenna is designed with the coplanar waveguide (CPW) fed line. The antenna is fabricated on commercially available FR4 material with the thickness of 1.6 mm having a dielectric constant of 4.6. FR4 is commercially available lowcost material and convenient to make multilayer PCBs. The prototype was designed with modified oval shape patch and coplanar ground plane. The ground plane has a half cycle copper strip line on it. The geometric layout of CPW-fed antenna is shown in figure 5 . The overall size of proposed CPW is 76×44 mm 2 . The major radius (V) and minor radius (V c ) of oval shape patch is 30 mm and 15 mm with area πVV c . The width (g) and height (h) of fed the line is 4 and 10 mm. Overall height of coplanar ground (H) is 38 mm and length of each rectangle (l 1 = l 2 ) is 25.5 mm. The gaps between feedline and ground rectangles are 0.5 mm. This gap is to obtain wider bandwidth. A positive half cycle of 28 mm (r 1 ) radius is taken on ground plane and another inner cycle with 25 mm (r 2 ) is etched away from outer cycle to create the 3 mm copper stripe line. The copper strip has strong effect to increase the antenna electrical length in both the lower and upper operating frequency.
The elementary goal of this AMC inspired CPW-fed antenna is to exploit the difference backscattering signal based on the complex dielectric constant of breast tissues. For microwave imaging applications, the antenna should meet some criteria like higher gain, wideband, sharp resonance frequencies, and directional radiation. These are important to scan the deeper tumor with high-resolution images [34] . Generally, the multilayer surface structures antenna is used in to obtain smooth radiation-profile, to minimize the backradiation, to get improved gain and efficiency than conventional microstrip antenna. After completing the proposed AMC structure, the final step is to implement the previously designed CPW-fed antenna. The final CPW-fed microstrip antenna is formed by using the CPW-fed radiator as a top layer above the AMC surface. The final formation is depicted in figure 6 . The cavity between the layers is 6 mm. M 3 flat head nylon screw is used to form the layers with the cavity. The antenna radiation performance, directivity,and front to back ratio are improved by using the phase reflection property of AMC structure. A 50 SMA connector is used to feed the CPW antenna. The SMA connector has 2.08 dielectric permittivity and 4.62×10 4 S/m electrical conductivity. 
IV. ANTENNA PERFORMANCE ANALYSIS
The performance characteristics of the AMC inspired CPW-fed antenna has been analyzed, studied and optimized by utilizing the 3D electromagnetic structure solving functionality of ANSYS' FEM (finite element method) based HFSS simulator. The completion of parametric studies gives the optimized geometric layout of the prototype which is developed through an in-house fabrication process (PCB-LPKF machine) to fabricate the physical model. The measurement process was performed by using an Agilent E8362C VNA which covers the frequency range starting from 10 megahertz to 67 Gigahertz and Satimo near-fieldmeasurement lab (UKM StarLab) which use the software satimo passive measurements (SPM) and SatEnv. The measurements setup are presented in figure 7(a&b) .
The results of the simulated and measured reflection coefficient for the realized antenna are depicted in figure 7(c) & (d) . From the measurement results, the CPW-fed antenna impedance bandwidth is 4.5 GHz from 3.1-7.6 GHz with two resonant at 3.6 and 6.5 GHz. When the AMC structure is used as reflector the antenna impedance bandwidth is broadened in both sides. The lower band is enlarged by 200 MHz and the upper band also preserved 300 MHz more bandwidth. The AMC inspired CPW-fed is operated around 3, 4 and 6.15 GHz with preserving more 6.66% coverage (2.9-7.8 GHz). The CPW and AMC combination creates a new resonant at 4 GHz and other resonant are shifted to left because of the capacitive effects generated between the CPW and CS-AMC structure. Another remarkable point is the large decrease in the magnitude of return loss is obtained after combining the CS-AMC structure. In CPW it mostly decreases to about -22 dB whereas with CS-AMC structure is about -28 dB. There have no gap or mismatch in the entire bandwidth. The simulated and measured resonant frequencies are well agreed (Figure 7(d) ) and a small deviation has found due to the fabrication tolerances. The simulated and measured peak realized gain is presented in figure 7 (e). The peak gain is about 10 dBi which is better than recently published UWB antenna. The uses of AMC structure promote the optimal conditions for the main radiator to avoid trapping. The radiation characteristics are improved by the AMC structure due to control of the current distribution by reducing energy leakage near the lateral antenna edges. The peak realized gain of proposed CPW-fed antenna for both in with and without AMC structure is shown in figure 7(f) . By using the AMC structure gain of CPW-fed microstrip antenna is increased about 5 dB and made the antenna more directive with lower interference to adjacent microwave elements. The gain was around 4-6 dBi in normal case whereas it rises to around 8-11 dBi in the final design. There has few changeability in gain level because two different kinds of structure are combined and made a single one. The enhancement of CPW performance proofs the effectiveness of double layer AMC surface structure and its suitability for MWI applications. Figure 7 (g) depicts the simulation and measured radiation efficiency. The proposed prototype offers radiation efficiency greater than 82% over the operating band which is better than the antennas presented in the literature. By using the AMC surface the antenna becomes more directive with lower interference shown in figure 7(h). The directivity is enlarged about 4 dB.
The phase distortion of the transmitted signal over the transmission path is represented as group delay. It is the negative derivative of phase response with respect to the frequency. The group delay of the proposed prototype at a distance of 200 mm in both the face to face and side by side orientation is presented in figure 8 . In side by side orientation, it is higher than that of face to face orientation. In face to face, it is almost linearly distributed except a single pick at 4.8 GHz. In face to face orientation, the antenna can radiate short pulses with very small distortion and minimal late time ringing. Only the pulse has spread slightly. Due to the directional characteristics of the antenna, the transmitted signal is spread in a single direction. For this, the antenna is recommended to use in face to face orientation for microwave imaging.
The fidelity factor is determined by the highest magnitude of cross-correlation among the transmitted and received signal. If the τ is the transmission delay than the correlation factor is defined by the following equation:
(1) VOLUME 6, 2018 Where, the transmitted (TX) and received (RX) signal are represented as x (t) and y (t) respectively. In both cases (f to f and s by s) antennas are placed at a distance of 200mm from each other. Matlab is used to develop the fidelity equation and calculate its value. For face to face orientation, the fidelity factor is 0.91 whereas for side by side is 0.42 respectively. The fidelity factor of the proposed antenna in the face to face orientation is more novel than recently published CPW antennas. The higher value of fidelity factor guarantees the lower distortion of the transmitted signal. This attribute confirms that the antenna is suitable to use for microwave imaging.
The simulated radiation pattern of CPW antenna and antenna with AMC structure in xz (phi 0) and yz (phi 90) plane is shown in figure 9 . As discussed earlier, the AMC structure reduced the back radiations and directed the radiations to broadside direction. It is observed that the CPW antenna with AMC structure shows more directive radiation as compared to CPW-fed antenna. The use of proposed AMC, the power along bore side is increased. The surface waves are reduced by the structure. This proves that the application of AMC improves the radiation characteristics, gain, directivity etc.
The measured radiation pattern in major planes for resonant frequencies is depicted in figure 10 . In Satimo measurement lab (UKM StarLab) antenna is measured according to Phi axis rolling and Theta stepping. Measurements are logged in tables of Theta and Phi spherical coordinates. The spherical coordinates relate to the Cartesian axes as follows: XZ Cut is Theta=0 to 360 & Phi=0, YZ Cut is Theta=0 to 360 & Phi=90 and XY Cut is Theta=90 & Phi=0 to 360. The xz-plane (ϕ=0) and yz-plane (ϕ=90) are considered as E-plane and H -plane. The near-field performance shows that the use of proposed AMCstructure made the antenna unidirectional. The main lobes direction is fixed to the broadside radiation which improves both the E and H-plane radiations. The radiation patterns of CPW-fed antenna is mostly bidirectional, whereas using AMC the antenna is maximized along broadside at 0 • . The antenna directivity is increased about 4.5 dB. The front-to-back ratios with AMC structure are about 20 dB, 25 dB and 32 dB at 3.1 GHz, 4.05 GHz and 6.1 GHz respectively. Another remarkable feature is very small back lobe is introduced. In higher frequency, especially in more than 6 GHz there exist few nulls in the radiation patterns because of higher order excitation [35] - [37] . From the discussion, the-use-of AMC structure reduces the energy leakage of CPW-fed antenna because of its reflecting property.
The Surface-current distributions at resonance frequencies of CPW-fed antenna with and without AMC structure are shown in figure 11 .
The main current conducting area of CPW-fed antenna is around the feedline and the copper stripe of the co-planner ground. At higher frequency, the surface current is evenly raised over the oval of the patch. It is observed that the used AMC structure minimize the spreading out of feedline current. The fedline current is well-suppressed by the CS-AMC cells. The fedline current mostly expenses to energized the antenna radiating patch. The edge-to-edge coupling between the patch and the ground aid to create an extra radiation. The AMC structures block the surface wave along the horizontal cut which assists to improve the mutual-coupling between elements.
V. MICROWAVE IMAGING
The ultimate target of our system is to retrieve the change in terms of backscattering signal with present some high VOLUME 6, 2018 dielectric inclusion as a tumor. We applied two commercially available off-the-shelf homogeneous breast phantoms from Japan with single tumor of higher dielectric constant. One is transparent and another is opaque shown in figure 12 (b) . The phantom is of 160×80 mm 2 size containing nearly standard dielectric properties as a human breast. The Phantom consists of four layers. These are the skin layer, the breast tissue layer or fat, cancer benign breast tumor and the normal air layer. The experimental skin layer has following characteristics: dielectric constant = 38, thickness = 2.5 mm, and conductivity = 1.49 S/m. The thickness of breast tissue layer is 8.75 mm with permittivity 5.14 and conductivity 0.141 S/m. The cancer benign breast tumor part have dielectric constant = 67 [38] , [39] with 10 mm diameter. The tumorous cells are normally high water content whose dielectric constant is higher compared to low water tissues such as fat [40] , [41] . For experimental setup, we have designed an automatic microwave imaging system shown in figure 12(a) . Two CPWfed antenna is placed face to face at a distance of 18 cm. The phantom is placed inside these antennas on a rotating platform. The mechanical rotation platform can rotate the antennas in polar coordinates from 0 to 2π using a stepper motor. The rotation is controlled using an Arduino Uno control circuit. The stepper motor is step by 3 • and total 360 • is divided into 120 equivalent points. Each antenna maintains a specific distance of 6.5 mm from breast phantom. The antenna is connected to a Vector Network Analyzer (VNA Agilent N5227A) to collect the antenna scattering signal. All these devices and electromechanical circuits are controlled by a single PC which is connected to Arduino control and VNA using GPIB port.
The experimental setup of proposed microwave imaging system is shown in Figure 12 (c). We don't use any human body or patient in this case due to the safety permission which is ongoing. For laboratory test, we rotate the phantom to take data all around the phantom to localize the position of the tumour. In final system, the rotation platform will be set up as it will work as medical imaging bra which will rotate clockwise. The breast phantom is placed between two antennas and the effects of the breast tissues are studied on the performance of the antenna. The VNA parameters are set as IF bandwidth 10 HZ, 10 dBm output power, and 3.1 to 7.6 GHz frequency range. The transmitting antenna transmits the microwave pulse towards the breast phantom and the receiving antenna receives the scattering signals reflected from the phantom. To mitigate air-interference the entire system is calibrated over the operating frequency using SOLT calibration (3.5 mm Agilent 85052 D) kit. By using measurement setup, the complex frequency domain scattering (S 11 , S 21 , S 12 and S 22 ) parameters (ϕ n , f m ) are measured over the operating frequency band, where m = 1, 2 . . . .M (M=201) and n = 1, 2 . . . ..N represent the angular positions of each rotation. The transmitted parameters rely on the entire path between the two antennas, which the tumor crosses twice during the complete rotation. The reflected parameter mostly presents the shallow depths under the skin layer as signals are bounced off the opposite side of the breast phantom should travel through the phantom twice and are significantly attenuated. The antennas with high gain and very low inherent return loss with directive nature can perfectly detect reflected signals. The measured data were processed with DelayMultiply-and-Sum (DMAS) algorithm [42] and reconstruct the image of internal breast phantom structure. In DMAS algorithm reconstructed image highlights the electromagnetic scattering rather than recovering the dielectric profile. The frequency domain data of reflection co-efficient is converted to time domain for each antenna using inverse discrete Fourier transform.
For more clearer and sharp image of breast interior the blind-deconvolution method is used, where the point spread function (PSF) is optimized using latest heuristic optimization algorithms [43] . The deconvolution techniques rely on PSF which is reliant on orientations and near-filed patterns of antennas. The PSF describes a single pixel in the ideal image and reproduced the others than a single pixel in the real image. For a linear imaging system, the image of an object can be expressed as [42] :
Where, η(x, y) is the additive noise function, f (α, β) is the object, g(x, y) is the image and h is the point spread function. The '';'' is used to distinguish the input and output pairs of coordinates. The h (x, y) is given as:
Where
a is the radius of the transducer area, ϑ o is the velocity amplitude and ρ is the density of the medium.
The tumor is clearly detected by differentiating the collected scattering signal from the healthy and unhealthy tissue of breast phantom. Because of the high dielectric properties of tumorous cells, the reflected signal is bounced off and changes the S-parameters. The total process of the experiment is done with single run command and takes total 6 minutes to complete single scanning. Figure 13 (a) to (h) shows the imaging output of the proposed system using CPW-fed antenna. The breast tumor detection for both transparent and opaque breast phantom in both frequency and time domain is presented. It is observed that the phantom without tumor transferred the signal and has no change or reflection over the path as shown in figure 13(a) & (b) . At the time of the experiment, a phantom with tumor it is evident that the tumor is visible at near 250 • shown in figure 13(c) & (d) .
The variation appears twice in the transmitted s-parameter with another slightly lower power artifact at about 70 • .
The transmitted parameters rely on the entire path between the two antennas, which the tumor crosses twice during the complete rotation. The artifacts appear after 0.55 ns. This can be translated into the distance from the antenna using the propagation rates in the different media involved. Afterward, when we examined the system with opaque phantom, the proposed prototype can detect the tumor at approximately 240 degrees and a low power artifact at about 55 degrees shown in figure 13(e) & (f) . The red color area in time domain output indicates the higher reflection coefficient. The reflection caused by the tumor increase the overall return VOLUME 6, 2018 loss which causes the more power reflected the antenna as it dissipated within the phantom. Figure 13 (g) depicted the blind deconvolution image which makes clearer and sharper the tumor. In a free space, the antenna propagates the signals without any interference and made a homogeneous path over the transmission path shown in figure 13(h). Table 2 lists out the comparison of the proposed system with some existing systems in the literature. The proposed imaging system is smaller insize, portable, compact, low-cost system with required image processing mechanism tested with artificial breast phantom and validate to earlier breast tumor detection. The proposed system achieves much better results than systems reported in the literature and makes it suitable for microwave imaging applications.
VI. CONCLUSION
The AMC characteristics of proposed MTM unit cell are studied and verified for microwave breast imaging. It is established that the-use-of MTM AMC structure enhances the antenna performances especially the gain and directivity. By using the AMC structure, gain of CPW-fed microstrip antenna is increased about 5 dB and directivity is improved about 4.5 dB with lower interference to adjacent microwave elements. The reflection properties of the AMC structure shortened the energy leakage and made the antenna unidirectional. The proposed AMC inspired CPW-fed antenna is used as a transceiver in an automated PC controlled microcontroller based breast tumor detection system. The data acquisition system around the phantom, transmitter, receiver and image processing program using Matlab is developed. The variation of scattering signal due to the variation of dielectric properties of the phantom are analyzed and presented. The system has many advantages e.g. portable, compact, low cost and easy installation. The system is tested with artificial breast phantom. In conclusion, the obtained performance of imaging system support and validate it to a potential candidate for the earlier breast tumor detection in the human breast.
